The Guadalupe fur seal (GFS, Arctocephalus townsendi) was distributed on the islands of Baja California, Mexico, and southern California, United States. The species was intensively hunted during the 19th century, and in the late 1920s it was thought that it was extinct, but in 1954, a few animals were located on Isla Guadalupe, Baja California. Since the current status of the GFS population is unknown, we used counts of pups collected between 1984 and 2013 from Isla Guadalupe, which is still the only place where the species reproduces, and used Bayesian inference to assess both the population trend and abundance. The GFS population increased from 1984 to 2013 at an average annual growth rate of 5.9% (range 4.1-7.7%), and for 2013 the abundance was estimated between 34,000 and 44,000 individuals. The current abundance of the GFS represents about one-fifth of the estimated historical population size, and although the population has continued to increase, the species has not expanded its breeding range, which potentially affects its recovery.
Historically, the GFS was distributed on the islands of Baja California, Mexico, and the Channel Islands in southern California, United States (Peterson et al. 1968) , although remains of all age and sex classes (i.e., adults, juveniles, and pups) have been found in mainland areas of the California and Washington coasts (Etnier 2002; Rick et al. 2009; Fig. 1a) . Like other marine mammals of the northeastern Pacific, the GFS was intensively hunted during the 19th century (Wegeforth 1928) . The pre-exploitation population size was estimated at ca. 200,000 individuals (Hubbs 1979) . The population was dramatically reduced by sealers, and in the late 1920s it was considered extinct (Huey 1930) . During the 1930s and 1940s there were some sightings of solitary GFS in the Channel Islands, California, but these reports were not confirmed; the first confirmed sighting occurred in 1949 at San Nicolas Island, California (Bartholomew 1950) . In 1954, a small breeding group was discovered on Isla Guadalupe, Baja California (Hubbs 1956; Fig. 1a) , and for 1967 the minimum population size was roughly estimated to be around 500 individuals (Peterson et al. 1968) . For 1993, the total population size was estimated at 7,400 individuals (Gallo-Reynoso 1994) , and during the middle 1990s, an incipient colony was established on the Islas San Benito, Baja California (Maravilla-Chávez and Lowry 1999; Fig. 1a ).
Several GFS have been sighted along the California coast (Hanni et al. 1997; NOAA 2017) and the Gulf of California (Aurioles-Gamboa and Hernández-Camacho 1999; GalloReynoso et al. 2010) over the past few decades, but currently the Guadalupe and San Benito islands are the only places where the species hauls-out year-around (Aurioles-Gamboa et al. 2010; Elorriaga-Verplancken et al. 2016; García-Capitanachi et al. 2017) . The San Benito colony is not yet self-sufficient since it is composed almost exclusively of young animals (i.e., sexually immature) that migrate from Isla Guadalupe, and therefore, reproduction is negligible (< 30 pups produced per year- Aurioles-Gamboa et al. 2010; Elorriaga-Verplancken et al. 2016) .
The most recent estimate of GFS abundance was made in 2010, at ca. 20,000 individuals (García-Capitanachi et al. 2017 ). Nevertheless, abundance was underestimated because the unknown proportion of the population at sea was not taken into account. The current population trend is unknown. Here, we assessed the GFS population, focusing on the Isla Guadalupe colony because it is the only place where the species reproduces, except for incidental reproduction at San Benito Islands, and hence the Guadalupe colony sustains the entire population. Our objective was to determine the current status of the GFS, analyzing its population trend and estimating abundance.
Materials and Methods
Data used.-Isla Guadalupe (28°51′ to 29°11′N, and 118°13′ to 118°22′W) is located 260 km west off Baja California, Mexico, and fur seals are distributed along the east coast of the island, and at the southern tip, namely Punta Sur (Arias-delRazo et al. 2017; Fig. 1b) . We compiled all available counts of pups in the literature and from unpublished sources (Table 1) , but for the analyses, we only used those counts collected near or after the end of the birth season, which occurs in mid-July (Gallo-Reynoso 1994) . The use of this kind of data reduces the bias in the assessment of both the trend and the population size because pups are easily recognizable and remain in the breeding sites for months, and hence the probability of being counted is high (Pemberton and Kirkwood 1994; Dans et al. 2004 ). All counts were made from boats and used the same methodology. The island was circumnavigated in small boats in optimum weather conditions at an average distance from shore of 10-15 m at 4-5 km/h. Population size was estimated based on total pup production. Thus, we estimated the pup production for 2013 because this was the latest year with available data (see Table 1 ). Given the physical features of the GFS pups (small size and dark pelage) and their behavior (they usually hide in caves), counts from boat always underestimate the number of pups, and should be contrasted with land-based counts in order to estimate the proportion of pups that were detected from the boat (π p -García-Capitanachi et al. 2017). We used simultaneous boat and land-based counts performed during the 2013 breeding season at Corralitos (east coast, 28.92°N, 118.23°W, linear distance covered ca. 1,700 m; O. Sosa-Nishizaki, CICESE, pers. comm.; Fig. 1b ). Two counters went into the rookery by foot and searched extensively for the pups (i.e., inside the caves, behind boulders, etc.); at the same time, 2 observers remained in the boat and surveyed the area. Moreover, it was necessary to take into account the pup mortality rate between birth and 3 months of age (M) since the GFS pupping season starts in June (Gallo-Reynoso 1994) but the 2013 count was carried out in late August (see Table 1 ). To estimate M, we used data on the total number of pups born and the number of pup deaths reported by Gutiérrez-Galvez (2015) , who made daily counts by foot throughout the 2013 breeding season at Punta Sur (28.86°N, 118.26°W; Fig. 1b) , marking systematically the dead pups.
Data analysis.-We used Bayesian inference to estimate the intrinsic rate of population increase, as well as the proportion of pups detected from boat and the mortality rate in the early stages of life. Analyses were computed using the Bolstad package (Curran and Bolstad 2017) in the R platform (R Development Core Team 2017).
The intrinsic rate of population increase (r) was obtained by Bayesian simple linear regression: log e number of pups counted regressed on time, where r is the slope of the regression, and is converted into the annual rate of increase as λ = e r (Caughley 1977 ). Because we had no prior knowledge of either r or a (the intercept), we used a flat prior distribution and assumed a known SD equal to 1 (Bolstad 2007) . Since all the counts were carried out following the same methodology, we assumed that the observational error was equal for each count, and hence did not affect our inferences. We also assume that at least during the last 4 decades, the timing of births has been constant. A 2-tailed hypothesis test for the Pearson correlation coefficient (ρ) was performed based on the Bayes factor (BF 10 ), which computes the probability of the data observed under the null hypothesis (H 0 : ρ = 0) against the alternative hypothesis (H 1 : ρ ≠ 0-Kass and Raftery 1995). If BF 10 > 1, the evidence supports the alternative hypothesis; otherwise, if BF 10 < 1, the evidence supports the null hypothesis. This analysis was performed using the JASP software (JASP Team 2016) .
Both π p and M were calculated via Bayesian inference for binomial proportions, and prior distribution in the form of beta(a,b) was assumed (for details see Supplementary Data SD1). Prior information for the π p estimate was obtained from García-Capitanachi et al. (2017) , and the multiplicative correction factor was calculated as the inverse of π p . Prior information for the M estimate was taken from Gallo-Reynoso (1994) .
For most pinnipeds, population size is estimated based on the population:pup ratio, which varies according to life-history parameters, such as recruitment and survival rates (Payne 1977; Wickens and Shelton 1992) . Since this kind of information does not exist for the GFS, the population size was estimated in a conservative way assuming a population:pup ratio between 3.5:1 and 4.5:1 (Harwood and Prime 1978; Harwood and Croxall 1988) .
results
A total of 12 counts carried out between 1976 and 2013 were compiled (Table 1 ), but only 6 counts collected during the period 1984-2013 were used for the trend analysis. The 1976 The , and 1983 counts were discarded because they were made before the end of the birth season; moreover, the 1976 and 1983 data are partial counts (i.e., only a small fraction of the island was surveyed). The counts from 1991 to 1993 were also discarded because they include unknown correction factors, and the original data are not available.
We performed independent analyses for 2 periods: from 1984 to 2013, and from 2006 to 2013. For the first, the posterior mean value of r was estimated at 0.058 (95% credible interval [CrI]: 0.040-0.075; Fig. 2a) , and λ was calculated at 1.059 (range 1.041-1.077); for the second, the posterior mean value of r was estimated at 0.141 (95% CrI: 0.092-0.190; Fig. 2b) , and λ at 1.152 (range 1.097-1.209). For both periods, the BF 10 indicated that the data were more likely to occur under the alternative hypothesis than the null hypothesis (Table 2) ; however, for the period 1984-2013 the evidence was strong, but not for the period [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] (Fig. 3) . This means that the correlation observed for the last period is weak, and therefore the estimated annual increase rate between 2006 and 2013 is unreliable. Based on García-Capitanachi et al. (2017) , the π p was 0.558 ± 0.063, and hence the prior distribution was beta (34.33,27.18 ). In the 2013 survey of the Corralitos site, 203 pups were counted from the boat and 381 were recorded on land.
The posterior mean value of π p was estimated at 0.536 ± 0.024 (95% CrI: 0.490-0.583; Fig. 4a) , and the multiplicative correction factor at 1.86 (range 1.72-2.04). The estimated M value for 1993 was 4.76 ± 2.68% (Gallo-Reynoso 1994); thus, the prior distribution was beta (2.95,59.05) . In 2013, 798 pups were estimated born and 52 pups died at Punta Sur (Gutiérrez-Galvez 2015). The posterior mean value of M was estimated at 6.39 ± 0.83% (95% CrI: 4.85-8.12%; Fig. 4b) .
In 2013, a total of 4,924 pups were counted from the boat around Isla Guadalupe (see Table 1 ). Applying the multiplicative correction factor, and taking into account the mortality rate described above, the total number of pups produced was estimated at 9,768 (range 8,863-10,869). Assuming a population:pup ratio of 3.5:1, the total population size was 
discussion
The GFS was nearly extinct at the beginning of the 20th century, but a small fraction of the population survived by taking refuge on Isla Guadalupe. The recovery of the GFS population has been poorly documented, and lack of data after the end of commercial exploitation makes it impossible to know the recovery process in its early stage, but it is likely that the population grew at a very low rate (Fleischer 1978) . For the period from 1984 to 2013, we estimated the average annual growth rate at 5.9% (range 4.1-7.7%), and the population size for 2013 between 34,000 and 44,000 individuals. However, it is important to note that our analysis of the population trend was done assuming that the timing of births has not changed in the last decades and that the abundance estimate was not made using a value of the population:pups ratio calculated for the species, but it was done using a generalized ratio for pinnipeds. Although these are the best estimates possible with the available data, they should be taken with caution until the species' life-history parameters are obtained. During the last 3 decades, the GFS population has increased and pup production in 2013 was almost 8 times higher than what it was at the middle 1980s. Given that there was no immigration (since all possible sources were eradicated during the time of commercial hunting), this recovery must be the result of demographic changes, such as survival and reproduction. However, compared to other fur seals that also had histories of population decline followed by successful recovery processes, the GFS population has had a low rate of increase (5.9% annually). For example, the Antarctic fur seal (Arctocephalus gazella) population at South Georgia increased 16.8% annually between 1958 and 1972 (Payne 1977) , and the New Zealand fur seal (A. forsteri) population from Kangaroo Island, South Australia, had an increase of 10% annually between 1988 and 2013 (Shaughnessy and Goldsworthy 2015) . This variation in the rates of population growth among species may be related to environmental factors, such as local productivity, and the species' life history, but also to human intervention (Kirkwood et al. 2010) .
Our assessment shows that the current abundance of the GFS represents about one-fifth of the estimated historical population size, and although the population has continued to increase, the species has not expanded its distributional range. Islas San Benito has been occupied by the GFS for more than 20 years, but until now, reproductive activity has been virtually negligible (Elorriaga-Verplancken et al. 2016) , and since 2015, the number of animals migrating to this site has decreased on a yearly basis (F. R. Elorriaga-Verplancken, pers. obs.). On the other hand, during the last decades, GFS have been observed with some frequency on southern California islands, and there have even been some births (Melin et al. 1999) , but new colonies have not established. It is unclear why these hauling-out sites are not yet used for breeding, but this behavior is a critical stage for the expansion of the species. Establishing new breeding colonies is vital, because since the species' breeding range is currently restricted to a single location (Isla Guadalupe), the entire population is highly susceptible to regional and local stochastic events, which could limit the ability of the species to recover. Mesoscale environmental events, such as hurricanes or oceanographic anomalies, negatively impact the GFS population. In 1992, hurricane Darby dramatically increased GFS pup mortality (Gallo-Reynoso 1994) , and the recent combination of the strong ENSO event (NOAA 2018 and the presence of The Blob (a large mass of unusually warm water) in the northeastern Pacific (Kintisch 2015) also increased the pup mortality (Gutiérrez-Gálvez 2015; Elorriaga-Verplancken et al. 2016) ; moreover, it is highly likely that these oceanographic conditions were the cause of the 2015-2016 unusual mortality event registered along the California coast (NOAA 2017). On the other hand, local threats, such as infectious diseases, could also impact the whole population. GFS are gregarious and spend much time on land year-around, which extends opportunities for pathogen transmission. In this regard, the presence of pathogenic serovars of Leptospira spp. was detected in the Isla Guadalupe colony (Ziehl-Quirós et al. 2017) .
The GFS is a little-known species that was on the edge of extinction. International and national conservation efforts have played an important role in its recovery, which although relatively slow, is encouraging. In 1928, Guadalupe Island was decreed as a prohibited area for hunting and fishing by the Mexican government, and in 2005 it was constituted as a Natural Protected Area. Moreover, the GFS is protected by both Mexican and U.S. laws, and the species is included in Appendix I of CITES (CITES 2017) . Given that the population continues to increase, it is likely that in the future the GFS will extend its breeding range to include the Islas San Benito, and perhaps other islands on the Pacific coasts of Mexico and the United States. The development of a monitoring program is essential to understand the population dynamics of the GFS, and to identify potential local and regional threats. Specifically, we strongly recommend conducting long-term studies to construct the species' life table and describe the phenology of births, since this type of information is necessary to obtain an accurate estimate of abundance. These data will enable the population assessment to be improved, and to develop adequate management plans for the species and the areas it inhabits.
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Supplementary data are available at Journal of Mammalogy online. Supplementary Data SD1.-Description of the Bayesian inference for binomial proportions used to estimate π p and M. Based on Bolstad (2007) .
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